Hematologic and serum chemistry values are used by veterinarians and wildlife researchers to assess health status and to identify abnormally high or low levels of a particular blood parameter in a target species. For free-ranging lions (Panthera leo), information about these values is scarce. In this study, 7 hematologic and 11 serum biochemistry values were evaluated from 485 lions from the Kruger National Park, South Africa. Significant differences between sexes and sub-adult (≤36 months) and adult (>36 months) lions were found for most of the blood parameters and separate reference intervals were made for those values. The obtained reference intervals include the means of the various blood parameters values measured in captive lions, except for alkaline phosphatase in the subadult group. These reference intervals can be utilized for free-ranging lions, and may likely also be used as reference intervals for captive lions.
Blood parameter values can be used by veterinarians or researchers for the assessment of the health of animals or a population. These blood parameter values may vary between freeranging and captive species, which was shown for e.g. African buffalo (Beechler et al., 2009 ).
Information on hematologic and blood chemistry values is available for captive lions (Panthera leo) (Hawkey and Hart, 1986, International Species Information System (ISIS), 2002) , but is scarce for free-ranging lions. Therefore, the aim of this study was to establish reference values for free-ranging lions for commonly used hematologic and blood chemistry values, adjusted for sex and age, and to compare these with values found for captive lions.
Lion blood samples were collected from 485 free-ranging lions from 1993-2008 in the Kruger National Park, South Africa. The complete lion data set is described elsewhere (Maas et al., 2012) . The selection of the lions used for the current study was based on the body condition, only including clinically healthy lions with a good body condition score (scored 4/5 and 5/5, where 5 represents an excellent body condition).
Lions were immobilized with a combination of tiletamine and zolazepam (Zoletil® 100, Virbac) and venous blood samples were obtained from the medial saphenous vein as soon as possible, but usually within 30-60 minutes after anaesthesia, in EDTA and serum Vacutainer® tubes. Blood tubes were kept at ambient temperature and were processed within preferably 8, but maximum 24 hours. Lions were aged by examining dental attrition according to Smuts et al. (Smuts et al., 1978) . Hematology analysis of EDTA samples was performed in the the Kruger National Park within 12 hours with a Coulter AcT diff analyzer (Beckman Coulter).
Samples for serum chemistry were frozen at -20°C until analysis. This serum chemistry analysis was conducted with a NExCT/VetEX (Bayer Health) at The Clinical Pathology Laboratory, Onderstepoort Veterinary Academic Hospital, Faculty of Veterinary Science, University of Pretoria.
The exact numbers of lions that were used for each individual blood parameter are listed in For the presentation of the ISIS values the same groups were evaluated as for the free-ranging lions from the study. For the presentation of the ISIS values the same groups were evaluated as for the free-ranging lions from the study.
NA= not applicable. Since these values were log-transformed, the SD is not given, as this value cannot be logtransformed. -= not available.
* Four lions had values for both alpha 1 and alpha 2 in the ISIS database. These were expected to be the same lions, and the total alpha value is thus given; SD for these lions cannot be given for this hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), white blood cells (WBC)) and 11 serum chemistry parameters (cholesterol, total protein, albumin, globulin, albumin: globulin ratio (AG ratio), alpha globulins, beta globulins, gamma globulins, blood urea nitrogen (BUN), alkaline phosphatase).
General linear models with the blood parameter as dependent variable were used to determine the effect of explanatory values sex (binary; M or F) and age (binary; ≤36 months or >36 months). The residuals of these models were checked visually in Q-Q plots to assess normality of the blood parameter values. When residuals were not normally distributed, the variable was log-transformed and model residuals were checked again in a Q-Q plot.
When one or both of the explanatory values had a significant influence (p<0.05), the mean, are often based on these values of captive animals (Wack, 2003) . However, no information about health status is available for the ISIS values and interpretation is complicated by the fact that they may include multiple samples per animals. Furthermore, normality of these data is not reported, thus it is unclear if the mean and standard deviation can be used to establish reference intervals.
The lions used for this study were all in a clinically healthy state, residuals of the models were normally distributed (for albumin, AG ratio and beta globulins after log-transformation) and thus reference intervals could be calculated. It could therefore be argued that these reference intervals are a better representation of blood parameter values for lions than those collected from the captive lions. However, also these reference intervals have their limitations.
Part of these lions have been used in another study that showed that diseases (viz. feline immunodeficiency virus and bovine tuberculosis (BTB)) may account for significant differences in blood value parameters (Maas et al., 2012 We conclude that these reference intervals can be used by veterinarians and wildlife researchers to assess the health status of free-ranging lions, and we propose they can also be used for captive lions as they are arguably more informative than the currently available mean, SD, minimal and maximal values.
